United States Patent O

3,118,853
Patented Jan. 21, 1964

fice

1

) 3,118,853

) COMPOSITIONS COMPRISING A CARBOXYLIC
ACID AMIDE INTERPOLYMER AND AN AD.
DUCT OF A HYDROXYL-CONTAINING POLY-
MER AND A CARBOXYLIC ACID ANHYDRIDE

Donald P, Hart, Allison Park, and Peter M, Chairge, New
Kensington, Pa., assignors to Pittsburgh Plate Glass
Cor;xpany, Pittsburgh, Pa., a corporation of Pennsyl-
vanla
No Drawing. Filed June 28, 1960, Ser. No. 39,240

12 Claims. (Cl. 260—45.2)

This invention relates to resinous compositions having
many useful propertics, and pertains more particularly
to resinous biends of (1) an aldehyde-modified unsat-
urated carboxylic acid amide interpolymer, and (2) an
adduct of a hydroxyl-containing polymer and a carboxylic
acid anhydride.

In a copending application, Serial No. 749,583, filed
July 21, 1958, now U.S. Patent No. 3,037,963, there is
disclosed a process for producing uscful resinous prod-
ucts from unsaturated carboxylic acid amides such as
acrylamide or methacrylamide. The process disclosed
in said copending application involves forming an inter-
polymer of such unsaturated carboxylic acid amides with
at least one other polymerizable ethylenically unsaturated
monomer, and then reacting said interpolymer with an
aldchyde such as formaldchyde in the presence of an
alcohol such as butanol. The resulting resins range
from soft, flexible materials 1o very hard solids, depend-
ing upon the choice of monomers utilized in preparing
the amide interpolymer which in turn is reacted with
the nldchyde and the alcohol.

The resins prepared in accordance with the method
described in said copending application, Scrial No.
749,583 are useful in coating compositions, laminates, and
the like, particularly when blended with one or more
other resinous matcrials such as epoxide resins, vinyl
resins, amine resins, alkyd resins, nitrocellulose, poly-
cthylene, and the like. Such resinous blends form films
with excellent flexibility, recoat adhesion, and freedom
from undesirable color formation, even on overbaking of
the film. These films are also outstanding in appearance,
gloss, adhesion, mar resistance, color retention, moisture
resistance, stain resistance, grease resistance, heat resist-
ance, detergent resistance, and corrosion resistance.
Morcover, thess outstanding propertics are obtained in a
single coating of the resinous coating composition on a
metallic surface, whereas previous coating compositions
have almost without exception required the use of one
or more so-called “primer” coats.

The outstanding properties sct forth in the foregoing
paragraph render the aldehyde-modified amide interpoly-
mer coating compositions useful as finishes for appli-
ances, such as ranges, refrigerators, air conditloners,
washers, water heaters, as well as finishes for stecl build-
ing panels and aluminum siding, and in fact as general
industrial finishes on solld surfaces, such as metals, plas-
tics, wallboard, and the like. Such compositions have
met with wide commercial acceptance throughout the
world.

However, the aldechyde-modified amide interpolymer
resins and blends thereof with other resinous materials
possess onc disadvantage in that coating compositions pre-
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parcd theréfrom should be cured at temperatures of about
350° F. for a period of 30 minutes in order that the out-
standing properties set forth hereinabove for such mate-
rials will be obatined to the optimum degree. Many in-
dustrial finishing installations do not possess oven fa-
cilities which can attain temperatures as high as 350° F.,
and conscquently industries having such installations
cannot obtain optimum properties from coating composi-
tions containing the aldchyde-modified amide interpoly-
mer resins.

It has now been discovered that the curing temperature
of such aldchyde-modified amide interpolymers at which
optimum film properties are obtained can be substantially
lowered, for example, to as low as about 300° F., and
in some instances even as low as 250° F. This desirable
result is obtained by blending with the aldechyde-modified
amide interpolymer resin (alone or in admixture with
another resin such as epoxide resin or vinyl resin) an ad-
duct of a hydroxyl-containing polymer and a carboxylic
acid anhydride. By blending only a relatively small
quantity of such an adduct with the aldehyde-modified
amide interpolymer resin, the temperature at which com-
plete cure of the resin is obtained is decreased, as indi-
cated hereinabove, to temperatures as low as 250° F. or
300* F. (for a 30 minute period). More importantly,
however, this decrease in cure temperature is obtained in
most instances with no sacrificc in the outstanding prop-
ertics which such aldchyde-modified amide interpolymer
resing impart to coating compositions. In fact, in most
instances some of the film properties are actually im-
proved, as will be apparent from the specific examples.

In the preparation of the aldehyde-modified amide in-
terpolymer resin a polymerizable unsaturated carboxylic
acid amide is polymerized with one or more cthylenically
unsaturated monomers, and the resulting interpolymer
reacted with an aldchyde. The exact mechanism where-
by the amide interpolymers are obtained is not definitely
known, but is belicved to begin by the formation initially
of a relatively short chain soluble interpolymer having an
approximate structure as follows, acrylamide being uti-
lized for illustrative purposes:

TRV,
1=0 * Ce=0 I
NIl NI

wherein M represents a unit of a8 monomer polymerizable
with acrylamide, and » repersents a whole number greater

than 1. For example, if styrene were utilized as the
second monomer, M would represent the unit.
o
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The short chain interpolymer then reacts with an alde-



3,118,863

hyde, as repersented by furmaldehyde, to give the struc-
ture

I
— C
|
(:,; o0 ! \/ §=0
:illl NH
CIH01L <':mon

wherein M and # have the significance sct forth herein-
above.

In the event the aldehyde is utilized in the form of a
solution in butanol or other alkanol, etherification will
take place so that at least some of the methylol groups
in the above structure will be converted to groups of the
structure

—ROR;

wherein R is a saturated lower aliphatic hydrocarbon
radical having its free valences on a single carbon atom,
and R, is a member of the class consisting of hydrogen
and the radical derived by removing the hydroxyl group
from the alkanol.

It is desirable that at least about 50 percent of the
methylol groups be ctherificd since compositions having
Jess than about 50 percent of the methylol groups ctheri-
fied will tend to be unstable and subject to gelation.
Butanol is the preferred alcohol for use in the etherifica-
tion process, although any alcohol such as methanol,
ethanol, propanol, pentanol, octanol decanol, and other
alkanols containing up to about 20 carbon atoms may
also be employed as may aromatic alcohols such as benzyl
alcohol, or cyclic alcohols.

While either acrylamide or methacrylamide is prefered
for use in forming the interpolymer component, any un-
saturated carboxylic acid amide can be employed. Such
other amides include itaconic acid diamide, alpha-ethyl
acrylamide, crotonamide, fumaric acid diamide, malcic
acid diamide, and other amides of alpha, beta-cthylenical-
ly unsaturated carboxylic acids containing up to about 10
carbon atoms. Maleuric acid, and e¢sters thereof, and
imide derivatives such as N-carbamyl maleimide may also
be utilized,

Any polymerizable monomeric compound containing .

at lcast one CH;=C< group may be polymerized with
the unsaturated carboxylic acid amide. Examples of
such monomers include the following:

(1) Monoolefinic and diolefinic hydrocarbons, that is,
monomers containing only atoms of hydrogen and car-
bon, such as styrene, alpha-methyl styrene, alpha-ethyl
styrene, alpha-butyl styrene, isobutylene (2-methyl pro-
pene-1), 2-methyl-propene-1, 2-methyl-butene-1, 2-meth-
yl-pentene-1,  2,3-dimethyl-butene-1,  2,3-dimethyl-pen-

tene-1, 2,4-dimethyl-pentene-1, 2,3,3-trimethyl-butene-1, .

2-methyl-heptene-1, 2,3-dimcthyl-hexene-1, 2,4-dimethyl-
hexene-1, 2,5-dimethyl-hexenc-1, 2-methyl-3-ethyl-pen-
tene-1, 2,3,3-trimethyl-pentene-1, 2,3,4-trimethyl-pentenc-
1, 2,4,4-trimethyl-pentene-1, 2-methyl-octene-1, 2,6-di.
methyl-beptene-1, 2,6-dimethyl-octene-1, 2,3-dimethyl.
decene-1, 2-methylnonadecene-1, ethylene, propylene,
butylene, amylene, hexylene, butadiene-1,3, isoprene, and
the like;

(2) Halogenated monoolefinic and diolefinic hydro-
carbons, that is, monomers containing carbon, hydrogen
and one or more halogen atoms such as alpha-chloro-
styrene, alpha-bromo-styrene, 2,5-dichlorostyrene, 2,5-di-
bromostyrene, 3,4-dichlorostyrene, 3,4-difluorostyrene,
ortho-, meta-, and para-fluorostyrenes, 2,6-dichloro-
styrene, 2,6-difluorostyrene, 3-fluoro-4-chlorostyrene, 3-
chloro-4-fluorostyrene, 2,4,3-trichlorostyreno, dichloro.
monofluorostyrenes, 2-chloropropene, 2-chlorobutens, 2-
chloropentene, 2-chlorohexene, 2-chloroheptene, 2-bromo-
butene, 2-bromoheptene, 2-fluorohexene, 2-fluorobutene,
2-jodopropene, 2-iodopropene, 2-iodopentene, 4-bromo-
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heptene, 4-chloroheptene, 4-fluoroheptene, cis and trans-
1,2-dichlorocthylenes, 1,2-dibromomethylene, 1,2-difluoro-
ethylene, 1,2-diiodoethylene, chloroethylene (vinyl chlo-
ride), 1,1-dichloroethylene (vinylidene chloride), bromo-
cthylene, fluoroethylene, iodoethylene, 1,1-dibromoethyl-
ene, 1,1-fluoroethylene, 1,1-diiodoethylene, 1,1,2,2-tetra-
fluorocthylene, 1,1,2,2-tetrachloroethylene 1-chloro-2,2,2-
trifiuoroethylene, chlorobutadiene and other halogenated
diolefinic compounds.

(3) Esters of organic and inorganic acids such as
vinyl acetate, vinyl propionate, vinyl butyrate, vinyl iso-
butyrate, vinyl valerate, vinyl caproate, vinyl cnanthate,
vinyl benzoate, vinyl toluate, vinyl p-chlorobenzoate,
vinyl-o-chlorobenzoate, vinyl m -chlorobenzoate and
similar vinyl halobenzoates vinyl-p-methoxybenzoate,
vinyl-o-methoxybenzoate, vinyl-p-cthoxybenzoate, methyl
methacrylate, ethyl methacrylate, propyl methacrylate,
buty! methacrylate, amyl methacrylate, hexyl methacry-
late, heptyl methacrylate, octy! methacrylate, decyl meth-
acrylate, methyl crotonate, cthyl crotonate, and cthyl
tiglate;

Methy! acrylate, cthyl nacrylate, propyl acrylate, iso-
propyl acrylate, butyl acrylate, isobutyl acrylate, amyl
nerylate, hexyl acrylate, 2-cthylhexyl acrylate, heptyl
acrylate, dctyl acrylate, 3,5,5-trimethylhexyl acrylate,
deeyl acrylate, and dodecyl acrylate;

Isopropenyl acctate, isopropenyl propionate, isopro-
penyl butyrate, isopropenyl isobutyrate, isopropenyl
valerate, isopropenyl caproate, isopropenyl enanthate, iso-
propenyl benzoate, isopropenyl p-chlorobenzoate, isopro-
penyl o-chlorobenzoate, isopropenyl o-bromobenzoate,
isopropenyl m-chlorobenzoate, isopropenyl toluate, iso-
propenyl alpha-chloroacetate and isopropenyl alpha-
bromopropionate;

Viny! alpha-chloroacctate, vinyl alpha-bromoacetate,
vinyl alpha-chloropropionate, vinyl alpha-bromopro-
pionate, vinyl alpha-iodopropionate, vinyl alpha-chloro-
butyrate, vinyl alpha-chlorovalerate and vinyl alpha-
bromovalerate;

Allyl chloride, allyl cyanide, allyl bromide, ally! fluo-
ride, allyl jodide, ally! chiorocarbonate, allyl nitrate, allyl
thiocyanate, allyl formatc, allyl acctate, allyl propionate,
allyl butyrate, allyl valerate, allyl caproate, allyt 3,5,5-
trimethyl-hexoate, allyl benzoate, allyl acrylate, allyl
crotonate, allyl oleate, allyl chloroacetate, ally! trichloro-
ucetate, allyl chloropropionate, allyl chlorovalerate, allyl
lactate, allyl pyruvate, allyl aminoacetate, allyl acetoace-
tate, allyl thioacetate, as well as methallyl esters corre-
sponding to the above allyl csters ns well as esters from
such alkenyl nlcohols as beta-cthyl allyl alcohol, beta-
propyl allyl alcohlols, 1-buten-4-0l, 2-methyl-buten-ol-4,
2(2,2-dimethylpropyl)-1-buten-4-ol and 1-pentenc-4-ol;

Mecthyl alpha-chioroacrylate, methyl alpha-bromo-

.,

acrylate, methyl alpha-fluoroacrylate, methyl alpha-iodo- -

acrylate, cthyl alpha-chloroacrylate; propyl alpha-chloro-
acrylate, isopropyl alpha-bromoacrylate, amy! alpha-
chloroacrylate, octyl alpha-chloroacrylate, 3,5,5-trimeth-
ylhexyl alpha<chloroacrylate, decy! alpha-chloroacrylate,
methyl alpha-cyano acrylate, cthyl alpha-cyano acrylate,
?myl alpha-cyano acrylate and decyl alphacyano acry-
ate;

Dimethyl maleate, dicthyl maleate, diallyl maleate, di-

methyl fumarate, diethyl fumarate, dimethailyl fumarate .

and diethyl glutaconate;

(4) Organic nitriles such as acrylonitrile, methacrylo-
nitrile, ethacrylonitrile, 3-octenenitrile, crotonitrile, olco-
nitrile, and the like;

(5) Acid monomers such as acrylic acid, methacrylic
acid, crotonic acid, 3-butenoic acid, angelic acid, tiglic
acld, and the like.

It Is to be understood that the above polymerizable
olefinic monomers are representative only, and do not in-
clude all of the CH;=C< containing monomers which
may be cmployed.
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Preferably, the interpolymer should contain from about
2 percent to about 50 percent by weight of the unsaturated
carboxylic acid amide component, the balance being the
other ethylenically unsaturated monomer(s). It has been
found that those interpolymers containing the higher levels
of the amide component with those monomers which ordi-
narily form hard polymers, give hard and flexible films,
whereas interpolymers containing lower levels of the
amide component with those monomers which ordinarily
form soft homopolymers tend to be considerably softer.
1f more than one ethylenically unsaturated monomer is
polymerized with the amide, the proportions of such addi-
tional monomers utilized will depend upon the character-
istics which the monomer or monomers will impart to the
final interpolymer.

The preparation of the amide interpolymer is described
in detail in U.S. Patents 2,870,116 and 2,870,117, the
disclosure of which is incorporated hercin by reference.

The amide interpolymer resin prepared according to
the disclosures in the above-identificd patents is reacted
with an aldehyde, preferably in the presence of an alco-
hol. Formaldehyde, in solution in water (formalin) or
in an alkanol such as butanol, or a formaldehyde-yielding
substance such as paraformaldehyde, trioxymethylene, or
hexamethylenetetranmine is greatly preferred.  However,
other aldehydes including acctaldehyde, butyraldchyde,
furfural, and the like, preferably containing only atoms of
carbon, hydrogen and oxygen, can be used. Dialdchydes
such as glyoxal are preferably not employed, since they
tend to cause the amide interpolymer resin to gel.

It is ordinarily preferred to utilize two equivalents of
formaldchyde for each amide group present in the inter-
polymer, although this amount may be in considerable
excess of the amount necessary to form methylol groups
on the polymer chain. Accordingly, this ratic may be
raised or lowered considerably if desired. For example,
the ratio may be as high as 3.0 cquivalents of formalde-
hyde for cach amide group in the interpolymer, or as Jow
as about 0.2 equivalent of formaldchyde for each amide
group in the interpolymer.

The reaction is preferably carried out in the presence
of a mild acid catalyst such as maleic anhydride. Other
acid catalysts such as oxalic acid, hydrochloric acid, or
sulfuric acid may also be employed, although there is
some possibility of gelation occurring if the acid catalyst
is too strongly acidic. Alkaline catalysts such as sodium
hydroxide, potassium hydroxide, hexamethylenetetra-
amine, and other basic amines may also be utilized. The
quantity of catalyst utilized may be varied widely; for
example, as pointed out hereinnbove, the more acidic the
reaction medium, the greater amount of ctherification will
occur,

The reaction of the amide interpolymer with the alde-
hyde can be carried out simply by adding the aldchyde
and the catalyst (if one is utilized) to the polymerization
mixture obtained by polymerizing the amide and one or
more cthylenically unsaturated monomers and refluxing
the resulting mixture for a period of from about 3 to
about 5 hours until the desired viscosity is obtained. The
water of condensation can be removed by azcotropic dis-
titlation as may a portion of the solvent if desired, In
fact, when the aldehyde is utilized in the form of a solu-
tion In an alkanol such as butanol, it is desirable that ap-
proximntely half of the butanol be distilled off at the end
of the reaction period and replaced by another solvent
such as xylol. It is preferred that the final resinous ma-
terial have a solids content of about 20 percent to 70
percent,

Similar polymeric matcrials may also be obtained by
first reacting the amide with an aldehyde such as formal-
dehyde to obtain an alkylolamide, for example, a methyl.
olamide, and then polymerizing the methylolamide with
one or more of the ethylenically unsaturated monomerle
materials disclosed hereinabove, The polymerization
utilizing a methylolamide is carried out in substantially

10

16

25

30

36

40

45

6

the same manner as when the amide is interpolymerized
with one or more monomers.

The polymeric materials may be prepared by still an-
other route; namely, by polymerizing N-alkoxyalkyl
amides, for example, N-butoxymethyl acrylamide, with
one or more of the CH;=~C< monomers set forth herc-
inabove. This method, described in copending applica-
tion, Serial No. 775,380, filed November 21, 1958, now
U.S. Patent No. 3,079,434, does not require reaction of
the polymer with an aldehyde since the N-alkoxyalkyl
amide monomers already contain —ROH or —ROR;
groups, wherein R and R; have the meaning set forth
above.

Regardles of the method by which the resinous material
is obtained, it will contain in the polymer chain recurrent
groups of the structure

_é__él_

NH

RJ}IIOR:

wherein R is hydrogen or a lower aliphatic hydrocarbon
radical, and R, is hydrogen or the radical derived by re-
moving the hydroxyl group from an alcohol. Thus, when
the reaction is carried out in the presence of an alcohol,
the alcohol reacts so that ot least some, and preferably
more than about 50 percent of the radicals R, will repre-
sent the radical derived from the alcohol.  When the alde-
hyde is utilized alone, that is, not in an alcohol solution,
the radical R;, of course, will represent hydrogen. The
free valences in the above structure may be satisfied with
either hydrogen or hydrocarbon depending upon the amide
which is utilized in the interpolymerization reaction.

As indicated hercinnbove, the present invention relates
to blendssor mixtures of such aldehyde-modified amide
interpolymer resins with an adduct of a hydroxyl-contain-
ing polymer and a carboxylic acid anhydride. It has been
found that any polymeric matcrial containing only a few
or many free hydroxyl groups along the polymer chain can
be utilized in the formation of such adducts. The follow-
ing are typical examples of such hydroxyl-containing
polymers.

A. Polymers of an unsaturated primary aliphatic al-
cohol with at lcast one monomer containing a CHy=C<
group: One particularly useful product of this type is a

. polymer of allyl alcohol and styrenc having the following
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r oIl -
IL":
——CH-CH~CH~CIl)-}—
n n

Preferably, the value of n is in the range of about 4 1o 10,
and several products of this general class are available
commercially. In the preparation of such polymers, the
allyl alcohol can be replaced by other alcohols contain-
ing a polymerizable CH;=C< group, for example, meth-
allyl alcohol, and the like, with aliphatic unsaturated
alcohols containing up to about 10 carbon atoms being
particularly useful. The monomeric material which s
polymerized with the unsaturated alcohol to form the
materials of this class may be sclected from the group of
polymerizable cthylenically unsaturated monomeric ma-
terials set forth hereinabove, with styrene and acrylonitrile
being particularly preferred. Another route to this type
of polymer is through the hydrogenation of acrolein
copolymers.
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B. Polyesters prepared by the reaction of polyols with
polycarboxylic acids: When polyols such as ethylene gly-
col, propylene glycol, diethylene glycol, or the like glycols
and other polyols containing from about 2 to 12 carbon
atoms are reacted, preferably in excess with a dicarboxylic
acid (or anhydride) such as adipic acid, succinic acid,
maleic acid, fumaric acid, phthalic acid, isophthalic acid,
tetrachlorophthalic acid, or other dicarboxylic acids con-
taining up to about 12 carben atoms, there is obtained
a polyester having free hydroxyl groups attached to the
polymer chain, Such polyesters may also be reacted with
anhydrides of carboxylic acids to form the adducts utilized
in preparing the useful compositions of this invention.

C. Polycthers prepared, for example, by the reaction
of a polyol such as sucrose, sorbitol, glycerol, or the like
containing up to about 10 carbon atoms, with an alkylenc
oxide such as cthylene oxide, propylene oxide, butylene
oxide, or the like, or a mixture of such oxides, can also
contain free hydroxyl groups when the polyol component
is present in excess. The resulting hydroxyl-containing
polycthers may also be reacted with anhydrides and car-
boxylic acids to form adducts which can be blended with
the aldchyde-modificd amide interpolymers in accordance
with the present invention.

D. Polymers of vinyl alcohol containing recurring units
of the structure

—ClI—-Cll—
O

The hydroxy! groups in the polyvinyl alcohol react readily
with carboxylic acid anhydrides such as maleic anhydride
to form adducts which can be blended with aldehyde-
modified amide interpolymers.

E. Hydroxyl-modified vinyl halide polymers: These
polymers are preferably copolymers of a vinyl halide such
as vinyl chloride or vinyl bromide with a vinyl ester of an
aliphatic monocarboxylic acid such as viny! acetate, vinyl
propionate, vinyt butyrate, or the like, which polymers are
modificd by having hydroxyl groups introduced into the
copolymer chain by hydrolysis of at lcast a portion of the
ester linkages in the copolymer structure. Carboxylic
ucid anhydrides rcact with such hydroxy! groups to form
adducts useful for blending with aldchyde-modificd amide
interpolymers.

F. Epoxide resins: Many of the epoxide resins are
reaction products of epihalohydrins such as cpichloro-
hydrin with dihydric phenols such as bis(4-hydroxy-
phenyl)2,2-propane. Some of these materials possess
hydroxyl groups along the epoxide polymer structure.
These hydroxyl groups may also be reacted with car-
boxylic acid anhydrides to form adducts; however, care
must be taken in the reaction to prevent curing of the
cpoxide resin by the anhydride.

While the above classes of polymers are represcntative
of those which may be employed in forming the com-
positions of this invention, they by no mcans represent
all of the hydroxy-containing materials which may be
used. For example, it is also possible to utilize silicon-
containing polymers which possess free hydroxyl groups.

Any dicarboxylic acid anhydride may be rcacted with
the hydroxyl-containing polymer to form the adducts
utilized {n combination with the aldehyde-modified amide
interpolymer resin. Malcic anhydride is particularly pre-
ferred because of its low cost and ready availability; how-
ever, other anhydrides such as itaconic anhydride, suc-
cinic anhydride, adipic anhydride, and other saturated
and unsaturated dicarboxylic acid anhydrides, contain-
ing up to about 12 carbon atoms may be used with good
results,

In preparing adducts of the free hydroxyl-containing
polymers with the dicarboxylic acid anhydrides care
should be taken so as to prevent substantlal esterification
beyond the opening of the anhydride ring. Unless reac-
tion of the carboxy! groups with the hydroxyl groups is
minimized, gelation will take place because of the poly-
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functional nature of the rcactants. In order to prevent
this gelation, therefore, the temperature of the reaction
should be kept as low as possible, for example, below
about 100° C.

One preferred method of carrying out the adduct forma-
tion involves admixing the hydroxyl-containing polymer
and the dicarboxylic acid anhydride in a solvent and re-
fluxing the resulting solution for a period sufficient to
form the desired adduct, ordinarily S to 10 hours. While
useful products can be obtained when all of the free hy-
droxyls of the polymer are reacted with the dicarboxylic
acid anhydrides, the reaction is preferably carried to a
stage where about 20 percent to 80 percent of such hy-
droxyls are reacted, and it is particularly preferred that
the adduct contain about 40 percent to 60 percent of the
hydroxyls in unreacted form. The acid number of the
adduct solids should ordinarily be in the range of about
20 to 200 and the hydroxyl value in a range of about
40 to 200.

In blending or admixing the adduct with the aldehyde.
modified amide interpolymer resin it is ordinarily preferred
that the adduct be cmployed in an amount of about 10
pereent to 25 percent by weight on a resin solids basis in
order that optimum propertics are obtained. However, it
is nlso possible to utilize amounts of the adduct as small
as about 2 percent by weight on a resin solids basis, or as
high as SO percent or even higher with good results,

While useful propertics are obtained when the adduct is
blended with the aldchyde-modified amide interpolymer
resin as the sole resinous component in the composition,
substantially better results arc obtained when one or more
other resins arc included in the mixture or blend. The
preferred resin for this usc is an epoxide resin, that is, a
resin containing at least one group of the structure

—CQ-—/C!I-—
[}

The preferred epoxide resins for blending with the adduct
and the aldchyde-modified amide interpolymer resin are
the polyglycidyl cthers of polyhydric compounds, particu-
larly the polyglycidyl cthers of bisphenolic compounds.
Epoxide resins of this type arc disclosed in U.S. Patent
2,870,117 referred to hereinabove. Preferably, the cpox-
ide resin utilized possesses a molecular weight above about
200, and those cpoxide resins having a molecular weight
in the rangé of about 700 to 1200 are particularly suitable
for usc in the compositions of this invention. Ordinarily,
the cpoxide resin is utilized in an amount as low as about
5 percent by weight to about 40 percent or more by weight
based on the solids content of the aldchyde-modificd amide
interpolymer resin.

In addition to the cpoxide resins, other resins which
may be utilized in combination with the adduct and the
aldchyde-modified amide interpolymer resin include the

viny! resins, particularly polymers of vinyl halides such . .

as vinyl chloride, the alkyd resins, both oil modified and

non-oil modified, epoxidized oils, that is, esters of the '

cpoxy fatty acids, preferably containing at least 8 carbon
atoms, amine resins such as urca-formaldehyde resins and
meclamine-formaldehydo resins, nitrocellulose, hydrocar-
bon resins such as polyethylene and polypropylene, phe-

nolic resins, silicone resins, as well as any other resinous .

materinl compatible with the amide interpolymer resin. -

As is the case with the epoxide resins, these other resins
may be utilized in widely varying amounts, for example,
from about $ percent or lower to about 50 percent or
higher by weight, based on tho resin solids contont of
the aldchyde-modifiod amlide Interpolymer resin,

When the resin mixtures or blends described above are
utilized in forming coating compositions, pigments such
as titanium dioxide, carbon black, and the like may be
added to form any desired color and to enhance the film
properties., Other components normally found in coating
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formulations, such as germicides, fillers, stabilizers, driers,
anti-foaming agents, and the like may also be added.

The following examples illustrate in detail the prepara-
tion of the resinous compositions of this invention, The
examples are not intended to limit the invention, however,
for there are, of course, numerous possible variations and
modifications.

Examples 1 to V
These examples illustrate the preparation of aldehyde-

modified acrylamide interpolymers which can be blended
with adducts of hydroxyl-containing polymers and anhy-

10

10

The above components were admixed and refluxed for
two hours after which an additional 0.5 part of cumene
hydroperoxide was added and reflux continued for a fur-
ther period of two hours. An additional 0.5 part of
cumene hydroperoxide was added and the mixture re-
fluxed for an additional two hours.. The resultant inter-
polymer was then reacted with formaldehyde by adding
thereto a solution comprising 0.4 mole of formaldehyde
(40 percent concentration in butanol) and about 0.33 part
of maleic anhydride. The resulting mixture was refluxed
for three hours, after which one-half of the butanol was
removed by distillation and replaced by an equal amount

drides to form the coating compositions of this invention. of xylene. The resin thus formed had the following
The polymerization in each example was carried out by properties:

mixing the polymerizable components with a chain trans- 15 )

fer agent (except in Example V where none was utilized) Solids (percent) 48-52
in a solvent such as butanol or xylene, and adding a polym- Weight per gallon (pounds) «ceoccmcan-- 8.2
crization catalyst, either initially or in increments through- Viscosity (Gardner-Holdt) ooooooocaaee S-X
out the polymerization reaction. The polymerization mix~ Color (Gardner) - 7 maximum

turc was then refluxed (in a bomb when butadiene-1,3 was 2

the monomer) for a period of time sufficient to obtain a
conversion of substantially 100 percent. The polymeriza-
tion charge, reflux time, interpolymer properties, formal-
dchyde condensation procedure, and the properties of the
resinous condensation product are reported in the follow-
ing table, wherein the letters have the following sig-
nificance:

A—Denzoyl peroxide
B—Di-t-butyl peroxide
C—Cumene hydroperoxide
D—Alpha-methyl styrene dimera
—Dodecyl mercaptan
—Tertlary dodecyl morcaptan

25

30

Example VI

Two hundred six and three-tenths (206.3) pounds of
styrene, 37.5 pounds of acrylamide and 6.25 pounds of
methacrylic acid were admixed with 2.5 pounds of ter-
tiary dodecyl mercaptan (chain transfer agent), 125
pounds of butanol, 125 pounds of tolucne, and 2.5 pounds
of cumene hydroperoxide. The resulting mixture was re-
fluxed for two hours after which an additional 1.25 pounds
of cumene hydroperoxide was added. Refluxing was then
continued for a further period of two hours at which time
a final addition of 1.25 pounds of cumene hydroperoxide
was made and refluxing continued until a conversion of

Example |
157, ncrylamide,
(A) 26% methyl
methnerylate,
(1) 00%; 0% 00% othyl

Example 1T
207 acrylamide
(A) methy[
methwylnu“

(B) %ﬂhy

F.xample 111 Fxample IV P‘xam le V
13% scrylamide, | 20% acrylamide, | 207, acrylamide,
(A& 28% styrene { (A) ltyrnno (A) 80'% vinyl

elh)l (B) ® buta. toluene
ene

Polymerization charge and proce-
dure (pounds except where other-
wise indicated):

Acrylamide...
Monomer A.. .
Monomer B.. 2.
[of 12 175 | SONO O

MO e enaicieiiicenceaneas
Solvent:
Butunol .

-] 90:8'grams C....

90,8 grams A....
90.8grams F....

Renux time (hours)

Polymer propertics:

Percent solids. oooonnncineannan.. . 81.5..
Viscoulty (Onrdner)............. Zyeeniecnaneanans Zs-2s Z.
I"ormnldch{de condensate, parta:
Butanol solution of formaldes j 63 ... 84.6.. 6.3 39 75/381.0
\ln{elc anhydeide. ...oo.oeeann.. 30.3 grams. 1.0.. 303 EraMmS.ancces| $8uaniicaincasad] 1.0,
Roflux time, bours..eeeeeeenn.... | S Y 3 4 16,
Final Product:
Percent sollds. cveeeecenncnannn.. 0.0, . eiaanann 48.95.. 50.6... 4942 41.3,
Viscosity (Qardnet)............. ) SUUR Y. U-vY. . X-Y,
Color (Oardner)...cceevveecncanen ... <1 34 - 1-2
S Inbomb. ! Partsresin, 3 Bollds obtalned by partlal distillation of solvents. IS

Example VI

substantially 100 percent was obtained. The resulling
product was then admixed with 79.4 pounds of a 40 per-

An acrylamide interpolymer was prepared from the 65 ccnt solution of formaldehyde in butanol and 1 pound of

following components in the amounts set forth:

Parts by weight
Styrene ceeae- demeemeecrasmecseemaneme—eone- - 3
Ethyl acrylate oo .- 44 7
Acrylamide o - 15
Acrylic 80ld oo e 2
BUANO! ccceccccccccmeccccaccmcncaceccan. -- 100
Cumene hydroperoxide - oo comecccceccne - 1

Tertiary dodecyl mercaptan

1 78 Acid value

maleic anhydride catalyst. The resulting mixture was then
refluxed under azeotropic conditions for three hours to re-
move water of reaction, The resinous product had the

0 following propertics:

Solids (percent) mcmmcmcmaaas cmmemccame—a— 48-52
Welght per gallon (pounds) wcccccuncnaaa 8.07
Viscosity (Gardner-Holdt) V=Y
Color (Gardner) . - -- Under?7

= 351075
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Examples VIII to X1V inclusive illustrate the prepara-
tion of adducts of dicarboxylic acid anhydrides with free
hydroxyl-containing polymeric materials.

Example VI

The following matcrials were charged into a glass re-
actor equipped with stirrer, condenser and temperature
measuring means:

Parts by
weight

Allyl alcohol-styrene copolymer (Shell X-450), OH
cquivalent per 100 grams, 0.45; hydroxyl groups

per mole, 5.2 e 85.3
Maleic anhydride oo 14,7
Mcthyl ethyl Ketone v e mcimmcneea 333

The above components were refluxed until the product
had an acid value of 60-64 (about 4 to 8 hours). The
product was then diluted to S0 percent solids with tolu-
cne the resulting resinous product having the following
analysis:

Solids (percent) —cvccccecccmcccamaccccenea 50
Hydroxy! value o ce e cccmeccccnmmeee 65.0
Acid value e ecccccrccccmcmnm—c - 42.0
Viscosity (Gardner-Holdt) «oommcaccmancananas E-F

Example 1X

Example VIII was repeated substituting succinic an-
hydride for the maleic anhydride of the example. The
reaction was carried out in such a way as to react the
succinic anhydride with about 40 pcrcent of the available
hydroxyl groups of the allyl alcohol-styrene copolymer.
The resulting product had a Gardaer-Holdt viscosity of W
and an acld value of 41.0.

Example X

In this example malcic anhydride was reacted with a
polycther obtained by the reaction of sucrose with cthyl-
cne oxide in an amount such that the maleic anhydride
reacted with 40 percent of the available hydroxyl con-
tent of the polycther. The polycther utilized had the
following propertics:

Hydroxyl value oo omcam o cccceccaaeea 461
Percent 30lid8 oo e ecemccacmmmcecca—aa 99.1
Percent Waler cececoccecccccacccmommre—an—— 0.115
Ash content e ccmccccccmnaas parts/million.. 159
ViscOslY cccumammmmmccmcanecaaaa centipoises.. 27,500

The reaction was carried out in methyl ethyl ketone,
the reaction mixture being refluxed for approximately 4
hours at which time the acld value of the product was 79.5
at a 50 percent solids content. The Gardner-Holdt vis-
cosity was A—, and the hydroxyl value was 1104,

Example X1

Example VIII was repeated substituting for the styrene-
allyl alcohol copolymer therein utilized a styrene-allyl
alcohol copolymer having an equivalent weight in the
range of 284-314 and a hydroxyl content of 5.4 percent
to 6.0 percent. The reaction was carried out 3o as to re-
act about 40 percent ~f the hvdraxvl groups of the polyol
with maleic anhydride. The product had an acid value
of 35.2 at 51.8 percent solids, with a Gardner-Holdt vis-
cosity of W and a hydroxyl value of 45.2,

Example XIl
One hundred (100) parts by weight of an interpolymer

10

15

20

23

30

33

40

45

50

65

00

13

70

78

containing 19 percent allyl alcohol, 48.5 percent styrene,
and 32.5 percent acrylonitrile was refluxed with 13 parts
by weight of maleic anhydride in 114 parts by weight of
methyl ethyl ketone. The reflux was carried out for ap-
proximately S hours, the resulting product having an acid
value of 59.4 at a 50 percent solids content, and a Gard-
ner-Holdt viscosity of N-O.

Example XIII

A polyglycol (Dow 11-100, a propylenc oxide con-
densate of glycerine having an average molecular weight &-
of 1030) was heated in methy! cthyl ketone at reflux with@t
maleic anhydride. The reaction was carried out such that
about 50 percent of the available hydroxyl groups in the
polyol were, reacted with the maleic anhydride. The re-
sulting product had a Gardner-Holdt viscosity of A, an
acid value of 45.9, and a hydroxyl value of 95.

This example was repeated using a polyglycol (Dow
11-300) having a molecular weight of about 4000. When
diluted to a solids content of 50.9 percent solids with
toluene, the product had a Gardner-Holdt viscosity of A,
an acid value of 12.48 and a hydroxyl value of 23.85.

Example X1V

Mulcic anhydride was reacted with a polyester prepared
by the reaction of 2 moles of adipic acid, 1 mole of di-
cthyleno glycol and 2.2 moles of trimcthylolpropane.
This polyester had an acid value of 1.5 and a hydroxyl
value in the range of 350-400. The polycster was dis-
solved in methyl ethyl ketone and enough malcic anhy-
dride ndded 1o react with about 40 pereent of the hydroxyl
groups of the polyester. The mixture was refluxed until
the resulting adduct had an acid value of 97.8 at 73.6
percent solids and a Gardner-Holdt viscosity of O.

Example XV

In accordance with this example, the nerylumide inter-
polymer of Example VI (together with 10 percent by
weight on a solids basis of an epoxy resin, Epon 1001)
was blended with each of the adducts described in Ex-
amples VIII to XIV inclusive and a whitc appliance type
enamel prepared from each of the blends.

In the preparation of the white enamel, the same resin
paste was utilized in each instance. This paste was pre-
pared by admixing 2250 parts by weight of rutile titanium
dioxide, 450 parts by weight of xylol and 216 parts by
weight of the amide resin of Example VI. The resulting
mixture was then ground together in a pebble mill for a
period of 16 hours, after which an additional 600 parts
by weight of the resin of Example VI was added and
milling continued for .an additional 1% hours. Three
hundred and fifty-onc and six-tenths (351.6) parts by
weight portions of the paste thus prepared were then
admixed with 1S percent by weight, on a resin solids basis,
of cach of the adducts of Examples VILI to X1V inclusive.
To each of these mixtures 2 parts by weight of a 2 percent .
solution of a silicone oil (Linde X-~12) in xylol was added
as an anti-flooding agent, together with 10 parts by weight
of a pine oil. Each of the resulting enamels was then'§.
sprayed on metal panels pretreated with a phosphate solu-
tion (Bonderite 1000) to a dry film thickness of 1.5 mils
and the resulting films baked for 30 minutes at 300° F. -
As controls similar panels were sprayed, also to a 1.5 -
mils dry film thickness, with an enamel formulated in a
manner identical to those described above, except that
the amide interpolymer resin of Example VI together with
the epoxide resin constituted the sole film forming compo-
nents of the enamel; that is, no adduct was present. Onc
of these pancls was baked for 30 minutes at 350° F., and
the second for 30 minutes at 300° F. All of the panels
thus obtained were then compared for solvent resistance,
detergent ¢sistance, salt spray resistance, stain resistance
to mustard, ink, lipstick and merthiolate, pencil hardness,
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impact and flexibility. The results of this comparison are
set forth in the following table:

14

was sprayed onto metal panels (pretreated as in Example
XV) to a dry film thickness of 1.5 mils and the follow-

Cure, Tmpact 8olvent Deter- Salt Stain resistanco
time and | Pencil | resist- | Flexi- resistance gent spray
Adduct description temp. hard- | ance | bility resist- resist-
(min. ness % (per- ance, | anco, in,
and (°F.) 1bs, cent) | Ethyl | Xylol reont | lossof | Mustard Ink Lipstick | Morthio-
alcohiol blistering | adhesion late
NONno. ceveunnane eaeemennes 30-350 § 3L 612 20 Eallcoel; Qood. 1 Ya | Siight..... None....| None...... vg'l?ht
nt. rht,
DO.cceecncnanscoacesss| 30-300 | F 3-8 2 | Good.} Falir... 100 443 | Heavy....| Slight... M}t‘\dlum M) fum
eavy. ieavy,
Reactlon product of males | 30-300 | 3H 6 20 | Exocl- | Good. 2] 34 Vcr{ None....| Nono...... Vurr
jo anhydride with sty- | - lent, slight, slight,
renc-al E\ aloohol copol-
ymer (Example VIII).
Reaction product of suo- 030 | 411 30 2 do...}| Execl- 100 343 | Heavy....| Blight...
cinie anhydride with lent. 8light..... Hoavy,
styrene-nilyl aleohol co-
potymer (Examplo 1X).
Reaction product of male 30-300 | 3 6-12 2 do...] Fnlr- 100 943 | Slight..... Verr Vorr Vorr
fo anhydride with su. Good, slight, slight, slight,
crote » ethylene  oxldo N
potyether (Example X).
Reaction product of males 30-300 | 311 [} 20 do...| Excel 5 143 | Vory None..o. «.Q0cceaces None,
Ic anhydride with sty. lent. siight.
renealivl alcohol copol
ymer (Rxample X1).
Renctlon prmluct of males 0-300 | H 24+ 0 do...[ Good. 100 353 | Meavy....| Heavy..} Heavy....| Ilcavy,
fe anhydride with ethys
Iene oxide condensate of
Q?'cerlne {Example
XITI(A)
Reaction Ymducl of males -0 | F M4 2 |...do...}...do... 100 343 |...do....... FORE [ JOURN Y . SO Do.
je unhydride with ethy- :
jene ox{de contlensate of
Q{ccrlno [{Example
xXhim).
Reactlon product of malee 30-300 | 411 12-18 2 |...do...]...do... 100 442 | Medlum | Slight...} None...... Vcrr
fe anhydride and {mly- heavy. slight,
ester (Exumple X1V),

Example XVI

A sccond serics of enamels was prepared, utilizing a
paste prepared as in the previous example except that the
amide interpolymer resin of Example VII was substituted

for the amide interpolymer resin of Example VI. Also, 4

ing properties of the panels compared: Pencil hardness,
impact, solvent resistance, detergent resistance, salt spray
resistance, and stain resistance to the action of mustard,
ink, lipstick and merthiolate. The results of this com-
parison are tabulated below:

Cure, time Impact | Solvent resistance | Deter- Balt Staln resistanco
and temp. [ Pencil resist gent spray
Adduct description (min, and | hardness | ance resiste rosist-
*F.) (in.1bs.) | Ethyl Xylol ance, | snoe, in. | Mustard Ink Lipstick | Merthlo-
alcohol pereent | loss o 1ato
blistering| sdhesion
None..... teseccscccosancane o «-350 | 1L 1 Ell‘omt. E;u\lt- M 343 None....| None....| Nono....| None.
nt. ent.
1)0..ieaceacncnceosoncennes 30-300 | 31 1 ]...do....| Good.... 3¢ 142 \'cll?’m weodo...c...do....] Do,
. slight,
Reactlon net of malle 30-30 | 311 1-3 {...do....} Fxccle 1 ¥4} Nono....].c.80.cc.].od0o..] Do,
anh Ldrl o with styrenc-allyl lent.
,{'hl‘l’ )ol copolymer (Examp)
Reaction uet of nueclnlg 20-00 | 31L .do..oJedo.... 11 $43]...d0....0...do... Jocudoal - Do,
snhydr nwuhnyrmo-dlx
nlcohol topolymer (Example
enction uet of malele 30-300 | 41T 1 [...do....]...do.... 2 443f...d0....|-..d0.. . foccdooea| Do
snhydride with sucrosc-eth.
ylene oxide polyether (Exam-
Reaction uet of malelo 30-200 | 811 $i...do....[...do.... 3 343]...do....]...do...}...do....} Do.
unh{)gri e with styrenc-allyl
;(lcxx)» 1 copolymer (Exam
mwtionproductolmﬂelcm- 30-300 | 311 3-6 |...do....} Goed.... W 342 Verr V97 Vorrv Vcﬁy
hydride with ethylene oxide | - slight, slight. slight. slight.
condensate__ of ' glycerine -
[Example XIII{A)}.
TReaction produot of malelo an. 30-300 | I 1-3 |...do....| Falr..... 11 343] Blight...| None....|...do....{ Do.
hydride with ethylene oxide
condensate _of  glycerine
{Rxample XIII(B)].
Renctlon produet of malele an- 20-300 | 811 1-3 }...do....|...do.... M 442] None....|...do....| Nono....] None,
hydride and polyesier (Ex-
ample X1V).

in formulating the enamels utilized in this example, 10 70

porcont by weight, on a resin solids baals, of the adduct
was utllized In each Instance, Two controls were utilized,
in each of which the sole resinous components were the
amido interpolymer resin of Example VII and the epoxide

Tho results sot forth in the tables of Examplos XV and
XVI domonstrate that a number of the adducts utillzed to
modify tho amide Interpolymer resin Impart to the result-
ing compositions the property of forming films which
when baked at 300° F. for 30 minutes are the full equiva-

resin.  Each of the enamels, including the control enamels, 78 lent of or even superior to the propertics of the unmodi-
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fied amide interpolymer resin films when cured for 30
minutes at 350° F. Moreover, the result set forth in the
tables indicate that without exception the adducts im-
proved one or more important properties of the films.

15
polymer containing free hydroxyl groups and an anhy-
dride of a dicarboxylic acid, said adduct being formed by
reaction of said anhydride with at least some of said free
hydroxyl groups.

2. A composition comprising an interpolymer of acryl-
Example XV11 8 amide and r;t least one other monomer containing a
The acrylamide containing resin of Example VI was CH,=C< group, said interpolymer containing from about
formulated into a white enamel formulated as in Example 2 percent to about 50 percent by weight of acrylamide in
XV except that no epoxy resin was utilized. In formulat-  polymerized form based iipon the total weight of said
ing the cnamel, 15 percent by weight of an adduct of 4 interpolymer, and being characterized by having amido
maleic anhydride and a styrene-allyl alcohol copolymer hydrogen atoms replaced by the structure —CH;OR,,
(Example VIII) was utilized. Two controls were utilized, wherein R; is a member of the class consisting of hydro-
in cach of which the sole resinous component was the gen and alkyl radicals containing from 1 to 8 carbon
amide interpolymer resin of Example VI. Each of the atoms, and an ungelled adduct resulting from the reaction
cnamels, including the two control enamels, was sprayed 15 of an anhydride of an aliphatic dicarboxylic acid with at
onto metal panecls pretreated (as in Example XV) to a least some of the free hydroxyl groups of a free hydroxyl-
dry film thickness of 1.5 mils and the following proper- containing polymer.
tics of the films compared: Pencil hardness, Sward hard- 3. The composition of claim 2 wherein the adduct is an
ness, gloss, flexibility, impact resistance and solvent re- adduct of malcic anhydride and a copolymer of an un-
sistance. The results of this comparison are tabulated gq saturated aliphatic alcohol with at least one other
below: CHy;=C< monomer. ’
Cure, (losa Bolvent reslstanco
time nnd (Gard- Flexi- | Impact
Resinous component temp. Pencll 8ward | ner oo hility rosixte
(muin, | hardness | hardoess | gloss (Per- ance, Ethyl
and °® F.) meter) cent) | (lin./lbs) | aleohol Xylot
Resin of Example VI._..| 30-3% | 2M11...... 40 R3 13 3 | Qol....] Qoad,
Restnof Example VI._..| 30300 | F....... 4 85 1] <3 | I'oor....| I’our,
Resin of Example VI
plus 18 peroent adduct
of Example VIIL....... 30-300 | 411...... 38 83 12 3-0 | Good....} Qood,
The above example illustrates that the use of adducts of 85 4. The composition of claim 3 wherein the copolymer
the hydroxyl-containing polymers with dicarboxylic acid is a copolymer of ally! alcohol and styrenc.
anhydrides promotes the cure of unmodified amide resins S. The composition of claim 4 whercin the interpolymer
as well as those amide interpolymer resins that are modi- is an Interpolymer of acrylamide, styrenc, cthyl acrylate,
fied with other resinous malerials such as epoxide resins. and a member of the class consisting of acrylic acid and
Many modifications of the specific procedures set forth g9 methacrylic acid.
in the above cxamples can be made without substantially 6. The composition of claim 4 wherein the interpolymer
affecting the results obtained. For example, when ad- is an interpolymer of acrylamide, styrene, and a member
ducts such as those described in Examples VIII to X1V of the class consisting of acrylic acid and methacrylic
inclusive arc admixed with other of the amide interpoly- acid.
mer resins such as those described hereinabove, the curing 45 7. A composition comprising a mixture of an inter-
temperature can be reduced by at least 50° F. without polymer of an unsaturated acid amide and at least one
adversely affecting the film properties. Also, other ad- other monomer containing a CH;=C< group, said inter-
ducts than those disclosed in Examples VIII to XIV in- polymer being characteried by having amido hydrogen
clusive can be utilized in combination with the amide inter- atoms replaced by the structure
polymer resins with good results. Thus, for example, it 50
is possible to substitute anhydrides such as phthalic anhy- I,t
dride or itaconic acid anhydride, or similar anhydrides —CHO Ry
for the maleic anhydride and/or succinic anhydride of the wherein R s a member of the class consisting of hydrogen.
gxamplcs, and it is also possible to prepare useful adducts and hydrocarbon radicals, and R, is a member of the
in which the percentage of hydroxyls of the hydroxylcon- g5 ¢jase consisting of hydrogen and alkyl radicals containing:
taining polymer Is varied substantially from the values from about 1 to 8 carbon atoms, and at least two other:’
reported in the specific examples, resinous materials, at lcast one of which is the resinous: -
Although specific examples of the invention have been adduct resulting from the reaction of an anhydride of a
sct forth hereinabove, it s not intended to limit the in- dicarboxylic acid with at least some of the free hydroxyl
vention thereto, but to include all of the variations and 60 groups of a free hydroxyl-contalning polymeric material,
moidiﬂcations falling within the scope of the appended and another of which is a resin selected from the class:
claims. . consisting of epoxide resins, vinyl halide resins, amine:
We claim: resins, nitrocellulose, and hydrocarbon resins. )
1. A composition comprising an interpolymer of a po- 8. The composition of claim 7 wherein the amide Inter-
lymerizable unsaturated carboxylic acid amide and at least g5 polymer resin and the resinous adduct are combined with
one other monomer containing a CHym=C< group, sald- an epoxide resin.
interpolymer being characterized by having amido hydro- 9. A composition comprising a mixture of an inter-
gen atoms replaced by the structure polymer of ncrylamide with at least one other monomer
R containing a CH,=C< group, sald interpolymer contain-
-éxxon. 70 ing from about 2 percent to about 50 percent by weight
of acrylamide and-being characterized by having amido
wherein R is &8 member of the class consisting of hydrogen hydrogen atoms replaced by the structure —CH,OR,,
and hydrocarbon radicals, and R, is a member of the class wherein at least about 50 percent of the R, groups arc
consisting of hydrogen and alkyl radicals contalning from alky! radicals containing from about 1 to about 8 carbon
about 1 to 8 carbon atoms, and an ungelled adduct of a 756 atoms, and the remainder of the R, groups are hydrogen
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atoms, and at least two other resinous materials, one of
which is the ungelled resinoxs adduct resulting from the
reaction of maleic anhydride with at least some of the
free hydroxyl groups of a copolymer of an aliphatic un-
saturated alcohol with at least one other CH;=C< mono-
mer, and another of which is a resinous material selected
from the class consisting of epoxide resins, vinyl halide
resins, amine resins, nitrocellulose, and hydrocarbon
resins.

10. The composition of claim 9 wherein the copolymer
is a copolymer of allyl alcohol and styrene, and the amide
interpolymer resin and the resinous adduct are combined
with an epoxide resin.

11. The composition of claim 10 wherein the inter-
polymer is an interpolymer of acrylamide, styrene and a
member of the class consisting of acrylic acid and meth-
acrylic acid.

10

15

18
12. The composition of claim 10 wherein the inter-
polymer is an interpolymer of acrylamide, styrene, ethyl
acrylate and a member of the class consisting of acrylic
acid and methacrylic acid.
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